In the present work, controlling mechanisms of creep deformation of a new cast air-hardenable Ti46Al8Ta [at.%] alloy was studied. Long-term constant load tensile creep tests combined with an abrupt change of the applied stress were performed at 700
Introduction
Cast TiAl-based alloys represent an important class of high-temperature structural materials providing a unique set of physical and mechanical properties for automotive engines, stationary gas turbines and aircraft engines.
These outstanding mechanical properties result mainly from the fact that the as-cast microstructures consist of well aligned α 2 (Ti 3 Al) and γ(TiAl) lamellae [1] . Reducing the grain size in cast samples has been shown to improve signicantly room-temperature ductility without degradation of the creep resistance [2] . Hu et al. [3] showed that Ta has low diusion coecients in both α (Ti-based solid solution) and γ phases and favours the massive transformation over the lamellar formation at low cooling rates. Based on this concept, an air--hardenable Ti46Al8Ta [at.%] alloy, requiring only air cooling from the single α phase eld to reduce the grain size of the cast components via formation of massive γ M (TiAl), was designed [3, 4] . Potential industrial applications of this alloy are conditioned by optimisation of processing techniques [5, 6] and a more complex understanding of mechanical properties including creep at operating temperatures.
Several mechanisms operative in the creep deformation of TiAl-based alloys have been proposed in the literature including dislocation activity (glide and climb), grain--boundary sliding, mechanical twinning, and dynamic recrystallization, which are quite sensitive to the constituting phases, microstructural morphologies, and test * corresponding author; e-mail: ummslapi@savba.sk conditions [7, 8] . In many alloys, creep controlling processes can be identied by observing the value of stress exponent and the type of dislocation structure. However, supplementary techniques are necessary to use to identify creep mechanisms in many TiAl-based alloys because the stress exponent usually changes gradually with increasing stress [9] . Stress reduction test has been widely used to identify the controlling mechanisms or to measure internal stresses during creep of metallic materials.
The presence or absence of an incubation period of zero creep in a stress reduction test can assist in determining whether mechanisms based on dislocation recovery (incubation period) or glide (no incubation period) control the creep of the alloy [10] . In spite of recent studies on creep of Ti46Al8Ta [at.%] alloy [11, 12] , transient creep behaviour after a stress reduction and deformation microstructures after creep at an operating temperature of 700
• C have not been reported yet.
The aim of the present work is to identify controlling mechanisms of creep deformation of cast intermetallic Ti46Al8Ta [at.%] alloy using stress reduction test, analysis of dislocation structure and experimental measurements of stress exponent.
Experimental procedure
Cylindrical Ti46Al8Ta [at.%] bars with a diameter of 13 mm and length of 120 mm were prepared from a plasma melted ingot prepared by IRC Birmingham [13] using centrifugal casting into ceramic moulds at ACCESS (Germany) [14] . The cast bars were subjected to thermomechanical heat treatment consisting of hot isostatic value at a strain ranging from 1.2 to 2.6%, the creep rate increases with increasing strain. No steady-state creep stage is observed in the tests performed at 700
• C and applied stresses ranging from 250 to 400 MPa. The minimum creep ratesε min and applied stresses σ were tted to the power laẇ
where A is a material constant and n is the stress exponent. Figure 3 shows the dependence of the minimum creep rate on the applied stress. Using a linear regression of the creep data, the stress exponent is determined to be n = 7.0 ± 0.2. It should be noted that the stress exponent of 7 measured in this study is close to values of 7.3 and 6.8 measured for Ti46Al2W0.5Si and for Ti48Al2W0.5Si [at.%] alloys, respectively [16, 17] . On the other hand, it is higher than the value of 5.8 measured by Lapin et al. [11, 12] for the same alloy creep tested at temperatures from 700 to 800 • C and applied stresses ranging from 200 to 400 MPa or that of 5 deter-H. Staneková, J. Lapin, T. Pelachová mined by Lapin [18] for Ti45.2Al2W0.6Si0.7B [at.%]
and Parthasarathy et al. [19] for selected polycrystalline fully lamellar TiAl-based alloys. The obtained stress exponent is also higher than the experimentally measured and theoretically predicted values of about 5 for the creep controlled by dislocation climb in single-phase alloys [20] . Fig. 3 . Dependence of minimum creep rate on the applied stress at 700
The high stress exponent n measured in this study requires a supplementary experimental technique to identify the creep controlling mechanism. In order to determine the creep mechanisms, the alloy was crept at 350 MPa to a strain of about 2.8%, which is slightly higher than that of 2% corresponding to a minimum creep rate and then the stress was abruptly decreased to 250 MPa. The stress necessary to move channelling dislocations within the γ lamellae depends on the lamellar spacing.
The decrease of lamellar spacing results in an increase of the bowing stress, which explains the low dislocation density observed within the thin γ lamella shown in Fig. 6 .
It should be noted that besides ordinary dislocations observed within the γ phase, few mechanical twins were observed within some thick γ lamellae and some γ grains.
The contribution of mechanical twinning to the overall measured creep strain is negligible at low strains corresponding to minimum creep rate but signicantly increases in advanced stages of creep [22] . 
